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ABSTRACT 

An oxygen accumula tor  i s  r e q u i r e d  on t h e  AAP-2 
pay load  to augment oxygen f l o w  from t h e  S e r v i c e  Module c ryo-  
g e n i c  t a n k s  and t h u s  meet t h e  r e q u i r e m e n t s  o f  e x t r a  v e h i c u l a r  
a c t i v i t y  and t h e  As t ronau t  Maneuvering Unit  expe r imen t .  The 
accumula to r  a l s o  p e r m i t s  p r e s s u r e  i n t e g r i t y  checks o f  t h e  AM 
and MDA p r i o r  t o  commitment o f  AAP-3A and AAP-3 CM-SM's t o  
c l u s t e r e d  m i s s i o n s .  The Manned S p a c e c r a f t  C e n t e r  w i l l  r e c -  
ommend t h e  use  of  two LM Descent S t a g e  GOX t a n k s  f o r  t h e  
accumula to r .  The a n a l y s i s  documented i n  t h i s  memorandum s u p p o r t s  
t h a t  recommendation. 

I f  t h e  S e r v i c e  Module i s  equipped  w i t h  A l l i s  Chalmers, 
as opposed t o  u p r a t e d  P r a t t  and Whitney f u e l  c e l l s ,  t h e  EVA and 
AMU r e q u i r e m e n t s  can b e  m e t  w i t h  a s i n g l e  t a n k .  I n  t h e  e v e n t  
of a s e v e r e  weight  c o n s t r a i n t  on t h e  AAP-2 pay load ,  removal  of 
one t a n k  from t h e  proposed s y s t e m  w i l l  r e s u l t  i n  a 58 pound d r y -  
weight  s a v i n g .  However, con f idence  i n  a p r e s s u r e  i n t e g r i t y  check 
would be  d imin i shed .  
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SUBJECT: Requirement f o r  a n  Oxygen DATE: October  1, 1968 
Accumulator on AAP-2 - Case 620 

FROM: W. W. Hough 

MEMORANDUM FOR FILE 

A gaseous  oxygen accumula to r  must be i n s t a l l e d  
on AAP-2 because  t h e  oxygen f low r a t e  r e q u i r e m e n t s  o f  emergency 
EVA o p e r a t i o n  and t h e  M509 (As t ronau t  Maneuvering U n i t )  exper -  
iment  exceed  t h e  maximurn f l o w  r a t e  a t  which oxygen i s  a v a i l a b l e  
from t h e  SI4 c ryogen ic  s t o r a g e  sys tem.  F i g u r e  1 i s  a s i m p l i f i e d  
s c h e m a t i c  diagram o f  t h e  oxygen supp ly  and d i s t r i b u t i o n  sys tem 
b e i n g  proposed by MSC. 

SM SUPPLY 

The maximum oxygen f l o w  r a t e  from t h e  'SM c r y o  t a n k s  
depends on t h e  maximum heat i n p u t  t h a t  t h e  f u e l  c e l l s  can supp ly  
t o  t h e  t a n k s .  A P r a t t  and Whitney f u e l  c e l l  c o n f i g u r a t i o n  pe r -  
m i t s  a maximum of  1 5  pounds p e r  hour  o f  oxygen t o  be d e l i v e r e d  
t o  t h e  A i r l o c k  ECS. Because of t h e  h i g h e r  peak power c a p a b i l i t y  
o f  t h e  A l l i s  Chalmers f u e l  c e l l s ,  up t o  20  pounds p e r  hour  a r e  
a v a i l a b l e  w i t h  t h i s  c o n f i g u r a t i o n .  A f l ow l i m i t i n g  n o z z l e  i s  
i n s t a l l e d  i n  t h e  CM-SM supp ly  l i n e  t o  p r e v e n t  e x c e s s i v e  loss o f  
oxygen i n  t h e  even t  o f  a down-side l i n e  r u p t u r e .  The n o z z l e  a l s o  
p r o v i d e s  a c o n s t a n t  f l ow ra te  w i t h  a c o n s t a n t  s u p p l y  p r e s s u r e  and 
w i t h  a p r e s s u r e  drop  a c r o s s  t h e  n o z z l e  g r e a t e r  t h a n  about  47%". 
The n o z z l e  i s  s i z e d  f o r  choked f low e q u a l  t o  15 or 20  pounds/hour,  
depending  on t h e  f u e l  c e l l  c o n f i g u r a t i o n ,  when t h e  SM supp ly  p r e s -  
s u r e  i s  t h e  minimum v a l u e  of 850 p s i a .  

EVA REQUIREMENTS 

Flow r a t e s  r equ i r emen t s  f o r  EVA a re  based, i n  p a r t ,  
on t h e  a l l o w a b l e  c o n c e n t r a t i o n  o f  carbon d i o x i d e  i n  a n  a s t r o n a u t ' s  
he lme t .  The d e s i g n  l i m i t  on C 0 2  c o n c e n t r a t i o n  i s  8 mm Hg. A 

f low r a t e  of  7 . 9  pounds/hour of  oxygen t o  t h e  s u i t  i s  r e q u i r e d  
t o  m a i n t a i n  t h i s  l e v e l .  The nominal r a t e  i s  s p e c i f i e d  as 9.0 
pounds/hour.  During emergency EVA o p e r a t i o n ,  when m e t a b o l i c  
a c t i v i t y  i s  g r e a t l y  i n c r e a s e d ,  a f low r a t e  r equ i r emen t  o f  1 3 . 7  
pounds/hour  i s  s p e c i f i e d .  A r e g u l a t o r  i n  t he  p r e s s u r e  c o n t r o l  
u n i t  ( P C U  or ches t  pack)  can be  a d j u s t e d  by t h e  a s t r o n a u t  t o  va ry  
t h e  r a t e  from nominal t o  emergency i f  t h e  s i t u a t i o n  demands i t .  

*See f o o t n o t e  t o  Appendix, page A - 2  
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I n  t h e  schemat i c  of F i g u r e  1, t h e  EVA o u t l e t  shown i s  one o f  s i x ,  
and t h e  f l o w  l i m i t i n g  n o z z l e  i s  i n c o r p c r a t e d  as a s a f e t y  measure.  
I f  one EVA a s t r o n a u t ' s  u m b i l i c a l  i s  r u p t u r e d ,  t h e  second EVA 
a s t r o n a u t  w i l l  n o t  be  s t a r v e d  o f  oxygen. T h i s  n o z z l e  w i l l  be  
s i z e d  f o r  ckioked f low of g r e a t e r  t h a n  t h e  emergency r a t e  a t  a 
minimum E V A  supp ly  p r e s s u r e  of about  1 0 0  p s i a .  

The EVA t i m e - l i n e  used f o r  c a l c u l a t i n g  accumula to r  
requii-ements i s  two men f o r  f o u r  hour s ,  w i t h  one-ha l f  a man 
hour  a t  t h e  emergency r a t e .  The t o t a l  r equ i r emen t  i s  74.35 pounds 
( 3 - l / 2  h o u r s  a t  1 8  pounGshour  and 1 / 2  h o u r  a t  22.7 p o u n d s h o u r ) .  

A s  s e e n  from F i g u r e  1, t h e  s u p p l y  p r e s s u r e  t o  t h e  EVA 
1 2 0  p s i  r e g u l a t o r s  w i l l  nominal ly  be 240 p s i  w i t h  t h e  accumula to r  
on l i n e .  T h e r e f o r e ,  t h e  supply r a t e  from t h e  SM can b e  t h e  
maximum. With t h e  P & W f u e l  c e l l  c o n f i g u r a t i o n ,  60 pounds o f  
oxygen can be s u p p l i e d  i n  the  f o u r  hours, and t h e  accumula to r  
r equ i r emen t  i s  14 .35  pounds. 
t h e  supp ly  w i l l  b e  1 8  pounds/hour when EVA o p e r a t i o n  i s  normal.  
&it d u r i n g  t h e  nalf  hour of emergency o p e r a t i o n ,  t h e  d i f f e r e n c e .  
between t h e  11.35 pound requ!.rement and t h e  maximum 1 0  pounds 
s u p p l i e d ,  1 . 3 5  pounds, must be s u p p l i e d  by t h e  accumula to r .  

With t h e  A / C  f u e l  c e l l  sys tem,  

An EVA a s t r o n a u t  i n  AAP w i l l  c a r r y  a n  emergency oxygen 
supp ly  s t r a p p e d  to h i s  h i p .  T h i s  supp ly  i s  2 . 1 2  pounds, and can 
be used  for a 1 0  minute  p e r i o d  a t  t h e  emergency r a t e .  It cou ld  
be  used  as a accumula tor  w i t h  t h e  a d d i t i o n  of a manual ly  c o n t r o l l e d  
r e g u l a t o r  i n  t h e  a s t r o n a u t ' s  PCU and meet t h e  accumula to r  r e q u i r e -  
ment f o r  emergency EVA on an  u m b i l i c a l  from a 2 0  pound/hour system. 
However, i f  t h e  a s t r o n a u t s  u m b i l i c a l  f a i l e d  a f t e r  t h e  e x p e n d i t u r e  
of  1 . 3 5  pounds, t h e  remain ing  0.77 pounds w i l l  l a s t  o n l y  abou t  3 
minu tes .  Th i s  i s  i n s u f f i c i e n t  t i m e  f o r  t h e  a s t r o n a u t  t o  r e a c h  
a n o t h e r  oxygen supp ly .  

EXPERIMENT REQUIREMENTS 

The M509 experiment  r e q u i r e s  ve ry  h i g h  i n s t a n t a n e o u s  
d e l i v e r y  r a t e s  (up  t o  360 l b / h r  for 3 s e c o n d s ) ,  h i g h  ave rage  ra tes  
d u r i n g  p e r i o d s  o f  s u s t a i n e d  o p e r a t i o n  (30 .7  l b / h r  a v e r a g e  f o r  
9 r i i n u t e s j ,  and an  ave rage  r a t e  of 2 0 . 2  pounds/hour o v e r  each  
exper iment  p e r i o d .  There are  f o u r  p e r i o d s  o f  expe rmen ta t ion ,  
two o f  whicli a r e  d i v i d e d  i n t o  segments o f  s u i t e d  and non- su i t ed  
o p e r a t i o n .  During t h e  s u i t e d  segment of  t hese  p e r i o d s ,  the  9 
pound/hour s u i t  riequirement must be m e t  i n  a d d i t i o n  t o  t h e  exper -  
iment  r equ i r emen t .  The t h i r d  p e r i o d  i s  t h e  c r i t i c a l  one from t h e  
accumula tor  s t ,zndpoint  ; it r e q u i r e s  45 minu tes  o f  non- su i t ed  
o p e r a t i o n  and 40 minu tes  of s u i t e d  o p e r a t i o n .  There i s  a s p a c e  
o f  about  ha l f  a n  hour  bztween t h e  non- su i t ed  and s u i t e d  segments ,  
and w i t h  e i t h e r  f u e l  c e l l  c o n f i g u r a t i o n ,  t h e  accumula to r  can be 
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f i l l e d  d u r i n g  t h i s  t i m e .  The 40 minu te  s u i t e d  segment o f  t h e  
t h i r d  p e r i o d  t 5 e r e f o r e  d i c t a t e s  t h e  maximum accumula to r  
r e q u i r e m e n t .  

The t o t a l  oxygen requi rement  d u r i n g  t h e  c r i t i c a l  ~ 5 0 9  
p e r i o d  i s  1 9 . 4 6  pourlds. If t h e  schemat i c  of t h e  sys t em was as 
shown i n  F i g u r e  2,  where t h e  down-stream p r e s s u r e  i s  r e g u l a t e d  
to 360 p s i a ,  t h e  choked maximum f!.ow c o u l d  be  d e l i v e r e d  by t h e  
CM-SM and t h e  accumula tor  r equ i r emen t  would be  9 . 4 6  pounds w i t h  
P r a t t  and Whitney f u e l  c e l l s  and 6 . 1 3  pounds w i t h  A l l i s  Chalmers 
f u e l  c e l l s .  

However, w i t h  t h e  proposed sys tem shown i n  F i g u r e  1, 
a l l  f low w i l l  come from t h e  accumula tor  a t  t he  b e g i n n i n g  o f  t h e  
p e r i o d .  T h i s  i s  because  t h e  accumula tor ,  hav ing  j u s t  been f i l l e d  
by t h e  SM, i s  a t  t h e  same p r e s s u r e  as t h e  s u p p l y  and the re  i s  no 
p r e s s u r e  drop a c r o s s  the CM-SM n o z z l e .  Choked flow across t h i s  
n o z z l e  w i l l  no t  occu r  u n t i l  47% o f  t h e  accumula to r  s u p p l y  has 
been used .  The q u a n t i t y  d e l i v e r e d  by t h e  SM t h e r e f o r e  depends 

o f  t h e  accumula to r .  It i s  a complex problem t o  d e t e r m i n e  the  
r e q u i r e d  c a p a c i t i e s  o f  t h e  accumula tor  f o r  t h i s  proposed  s y s t e m ,  
b u t  s i m p l e r  t o  check t h e  adequacy o f  a g i v e n  c a p a c i t y .  T h i s  
has been done i n  t h e  Appendix, u s i n g  one or two  o f  t h e  e x i s t -  
i n g  LM Descent  S t a g e  GOX t a n k s .  

n n C  l I u b  o n l y  on the  maximum SM supply  r a t e ,  b u t  a l s o  on t h e  s i z e  

PRC FO SED ACCUMULATOR TANKS 

The proposed t a n k  for t h e  AM oxygen accumula to r  i s  
t h e  LM Descent Stage GOX t a n k .  T h i s  e x i s t i n g  s t e e l  sphere  i s  
d e s i g n e d  to ho ld  45 pounds o f  gaseous  oxygen a t  2750 p s i a  o p e r a t -  
i n g  p r e s s u r e  and weighs 58 pounds. But,  i n  t h i s  a p p l i c a t i o n ,  
it cannot  be r e p r e s s u r i z e d  t o  more t h a n  t h e  850 ps i a  d e l i v e r y  
p r e s s u r e  of  t he  SM c ryo  t a n k s .  I t s  f u l l  c a p a c i t y  at t h i s  pres-  
s u r e  and a t  t h e  same t empera tu re  (70OF) i s  1 3 . 9  pounds.  However, 
t h e  accumula tor  cannot  be f u l l y  d e p r e s s u r i z e d .  To m a i n t a i n  f low 
th rough  t h e  f i r s t  s e t  o f  r e g u l a t o r s  o f  the proposed  s y s t e m  ( F i g u r e  
11, t h e  minimum p r e s s u r e  i s  on t h e  o r d e r  o f  300 p s i a .  The u s a b l e  
c a p a c i t y  i s  t h e r e f o r e  9.0 pounds. With t h e  a l t e r n a t e  sys tem 
shown i n  F i g w e  2 ,  t h e  minimum p r e s s u r e  i s  about  4 2 0  psia ,  and 
t h e  u s a b l e  c a p a c i t y  i s  7 . 0  pounds. The c a p a b i l i t y  o f  t h e  proposed  
s y s t e m  w i t h  one o r  two t a n k s  t o  s u p p o r t  t h e  PI509 exper iment  has 
been c a l c u l a t e d  i n  t h e  Appendix. The r e s u l t s  a r e  s t a t ed  i n  terms 
of t h e  t i m e  it t akes  f o r  t h e  accumula tor  p r e s s u r e  t o  d r o p  to t h e  
300 p s i a  minimum. These t imes,  which a re  e q u i v a l e n t  t o  c a p a c i t i e s ,  
a re  summarized i n  Tab le  I .  
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REQUIRED NUMBER O F  TANKS 

Table  I g i v e s  a summary of  r e q u i r e m e n t s  and  shows t h e  capa-  

The f i r s t  c o n c l u s i o n  i s  t h a t  t h e  a l t e r n a t e  sys tem 

c i t i e s  of t h e  number of t a n k s  r e q u i r e d  to meet these  r e q u i r e m e n t s .  

o f f e r s  no advan tage .  The dec rease  i s  u s a b l e  oxygen due  to t h e  
i n c r e a s e  i n  minimum accumula tor  p r e s s u r e  i s  a greater  loss t h a n  
t h e  t o t a l  n o t  u s a b l e  from t h e  SM w i t h  t h e  proposed  s y s t e m .  The 
a l t e r n a t e  sys tem has the  d i sadvan tage  o f  added plumbing v a l v e s ,  
and r e g u l a t o r s .  T h e r e f o r e ,  t h e  proposed  s y s t e m  is t h e  p r o p e r  
s e l e c t i o n .  

With a 15 pound/hour choked-flow r a t e  from t h e  SM, two 
accumula tor  t a n k s  are r e q u i r e d  t o  meet EVA and M509 oxygen 
r e q u i r e m e n t s .  Wi th  a 20  pound/hour r a t e ,  one t a n k  i s  s u f f i c i e n t  
f o r  these  r e q u i r e m e n t s .  However, two t a n k s  are  des i rab le  ( e x c e p t  
f o r  t h e  58 pound weight  p e n a l t y )  f o r  two r e a s o n s .  First, t h e  ca- 
p a b i l i t y  o f  one t a n k  t o  suppor t  M509 i s  m a r g i n a l - - t o l e r a n c e s  on 
t h e  CX-SPI f l o w - l i m i t i n g  n o z z l e  c o u l d  r e s u l t  i n  a d e f i c i e n c y .  Sec- 
ond, t h e  accumula to r  can be used f o r  a p r e s s u r e  i n t e g r i t y  check  of  
t h e  AM and MDA p r i o r  to committing a manned v e h i c l e  t o  c l u s t e r e d  
m i s s i o n .  A s i n g l e  t a n k  w i t h  9 pounds u s a b l e  oxygen w i l l  p r o v i d e  a 
i n t e r n a l  AM-MDA p r e s s u r e  o f  only 0 .86  p s i a .  Twice t h e  c a p a c i t y  
w i l l  p e r m i t  t w i c e  t h e  p r e s s u r e ,  or 1.72 p s i a .  The lower p r e s s u r e  
does  n o t  g i v e  as good a check on t h e  p r e s s u r e  s h e l l  i n t e g r i t y  as 
does t h e  upper .  For these r easons ,  and because  o f  u n c e r t a i n t y  i n  
t h e  f i n a l  SM f u e l  c e l l  c o n f i g u r a t i o n ,  MSC w i l l  recommend a two-tank 
accumula tor  s y s t e m  f o r  t h e  Air lock  Module. T h i s  a u t h o r  concur s  
w i t h  t h a t  recommendation. I n  t h e  even t  o f  s e v e r e  weight  c o n s t r a i n t s  
on AAP-2, and i f  t h e  SM i s  equipped w i t h  A l l i s  Chalmers f u e l  c e l l s ,  
one t a n k  can  be removed f o r  a sav ing  of 58 pounds dry-weight,  b u t  
conf idence  i n  p r e s s u r e  i n t e g r i t y  checks f o r  AAP-3A and AAP-3/AAP-4 
m i s s i o n s  will be s a c r i f i c e d .  

102 2-WWH-b j w 
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W. W. Hough 
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F i g u r e s  1-2 
T a b l e  I 
T a b l e  A-I 
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APPENDIX 

Accumulator C a p a b i l i t i e s  t o  Suppor t  Exper iments  

The r e q u i r e d  ave rage  oxygen f l o w  r a t e  f o r  t h e  40 
minute  s u i t e d  p o r t i o n  o f  M509 Run 3 was s t a t ed  i n  t h e  t e x t  
as 29.2 pounds/hour.  The accumula tor  must p r o v i d e  t h a t  
p o r t i o n  o f  t h e  f low n o t  provided  by t h e  CM-SM. With t h e  
proposed s y s t e m  ( F i g u r e  1 o f  t e x t ) ,  a f u l l  accumula to r  w i l l  
p r e v e n t  any f l o w  f o r  t h e  CM-SM. Maximum f l o w  from t h e  CM-SM 
w i l l  n o t  o c c u r  u n t i l  t h e  p r e s s u r e  d rop  a c r o s s  i t s  n o z z l e  r e a c h e s  
t h e  c r i t i c a l  v a l u e  of 47%, or u n t i l  47% o f  t h e  accumula to r  
supp ly  i s  expended. An accumula tor  c a p a c i t y  must t h e r e f o r e  be 
g i v e n  b e f o r e  i t  can be de te rmined  i f  t h a t  c a p a c i t y  i s  s u f f i c i e n t  
t o  meet r e q u i r e m e n t s .  I n  t h i s  Appendix, one and  two of t h e  
proposed LM Descent  Stage GOX t a n k s  are  examined a g a i n s t  r e q u i r e -  
ments f o r  supplement ing  CM-SM f low th rough  1 5  and 20 pound/hour 
choked-flow n o z z l e s .  

Terminology 

RS 

RA 

Ps 

PA = accumula tor  p r e s s u r e  

CA 

QA 

= f low r a t e  from CM-SM 

= f low r a t e  from accumula to r  

= CM-SM supply  p r e s s u r e  = 850 p s i a  

= accumula tor  c a p a c i t y  a t  850 ps i a  

= q u a n t i t y  of  oxygen i n  accumula to r  

= c o e f f i c i e n t  of e q u a t i o n  f o r  s u b s o n i c  f l o w  t h r o u g h  
1 5  l b / h r  choked f l o w  n o z z l e  

A 2 0  = c o e f f i c i e n t  of e q u a t i o n  f o r  s u b s o n i c  f l o w  t h r o u g h  
20 l b / h r  choked f low n o z z l e  

K = 1 .39 ,  a c o n s t a n t  r a t i o  o f  s p e c i f i c  heat  
c a p a c i t i e s  of oxygen ( C  / C v )  

We know t h a t  t h e  combined f low r a t e s  must e q u a l  t h e  demand 
r a t e ,  o r  

P 

( A - 1 )  RS + RA = 2 9 . 2  l b / h r .  
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The subsonic flow rate across the CM-SM nozzle is 

- 1/2 2 

RS = AM [[:) ‘-[?I ‘1 (A-2) 

The coefficient AM is obtained by setting RS equal t o  the 
maximum for which the nozzle is sized, and the pressure ratio, 
’A”S = 0 .53 . ”  This calculation yields 

= 58.633 lb/hr. A15 
= 78.177 lb/hr. A20 

P 
a c c umu 1 at or 

is proportional to the quantity of gas remaining in the 
A 

and this quantity at any time T is equal t o  

(A-3) 

(A-4 

It is possible to cmbine equations ( A - 1 )  t h rough  ( A - 4 )  to give 
an integral equation in terms of QA(t), but care must be taken 
in the time of transition from subsonic to sonic flow. A simpler 

“This c ~ i t f c a i  pressure ratio is derived by maximizing R, 
U 

and solving for PA/Ps. The velocity at the throat of the nozzle 
with this pressure ratio is equal to the velocity of sound in the 
flowing medium, and there are no flow discontinuities within the 
nozzle. At lower pressure ratios, flow discontinuities (shock) 
will occur within the divergent section of the nozzle, but the 
velocity at the throat will not exceed the sonic velocity. 
fore, at pressure ratios lower than the critical, the flow will 
remain constant - this is called choked flow. For a complete 
discussion of variable-area compressible flow, including a deriva- 
tion of (A-2), see: 

There- 

Cambel, A. B. and Jennings, B. H., 
McGraw Hill Book Co.,  Inc., New York, 
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method of checking  whether a g iven  a c c  imulat o r  r i l l  meet t h e  
r equ i r emen t  f o r  M509 i s  t o  c a i c u l a t e ,  by a form o f  n u m e r i c a l  
i n t e g r a t i o n ,  t h e  t i m e  i t  w i l l  take t o  r e a c h  t h e  minimum p r e s -  
s u r e  a t  which i t  w i l l  supplement t he  CM-SM f low.  T h i s  i s  
done i n  Tables A - I  and A - I 1  f o r  t h e  two c a s e s  of maximum f l o w  
and for t h e  two s i z e s  o f  accumula to r s .  

The increment  used i s  a p r e s s u r e  drop  of 50 p s i  i n  
t h e  accumula to r .  For  e a c h  accumula tor  p r e s s u r e ,  the  f l o w  from 
t h e  CM-SM i s  c a l c u l a t e d  by (A-2)  and t h e  f low from t h e  accumula tor  
by ( A - 1 ) .  The a v e r a g e  accumula tor  r a t e  d u r i n g  t h e  increment  o f  
p r e s s u r e  drop  i s  t h e n  d i v i d e d  i n t o  t h e  change i n  q u a n t i t y ,  which 
i s  found d i r e c t l y  from ( A - 3 )  u s i n g  a c a p a c i t y  o f  1 3 . 9  pounds f o r  
one Descent Stage GOX t a n k  a t  850 p s i a ,  and t w i c e  t h a t  f o r  two 
t a n k s .  Th i s  y i e l d s  a s l i g h t l y  c o n s e r v a t i v e  t i m e  f o r  t h e  50 p s i  
accumula tor  p r e s s u r e  d rop  ( c o n s e r v a t i v e  i n  t ha t  t h e  a v e r a g e  SM 
r a t e  d u r i n g  the  increment  i s  s l i g h t l y  h i g h e r  t h a n  t h e  numer i ca l  
a v e r a g e  between the  ra tes  a t  t h e  b e g i n n i n g  and end o f  e a c h  
inc remen t ;  t h e r e f o r e  t h e  ave rage  accumula tor  ra te  requ i r emen t  
i s  less t h a n  tha t  g i v e n ,  and t h e  a c t u a l  t i m e  t o  d r o p  an  i n -  
crement i s  s l i g h t l y  g r e a t e r  t h a n  g i v e n ) .  When t h e  accumula tor  
p r e s s u r e  r e a c h e s  450 psia ,  choked f l o w  o f  t h e  n o z z l e  o c c u r s  
( . 5 3  x 850 = 450), and the  accumula tor  s u p p l i e s  2 9 . 2  minus t h e  
CM-SM maximum. The minimum accumula tor  p r e s s u r e  i s  t a k e n  a t  
300 p s i a  to m a i n t a i n  f low a c r o s s  t h e  M509 r e g u l a t o r s  ( F i g u r e  1 
o f  t e x t ) .  The t o t a l  t ime  t o  r e a c h  t h i s  minimum accumula to r  
p r e s s u r e  i s  t h e  sum of  t h e  t ime i n c r e m e n t s  f o r  each  p r e s s u r e  
d rop ,  and i f  t h i s  t i m e  i s  g r e a t e r  t h a n  t h e  40  minu te  runn ing  
t i m e  o f  t h e  exper iment ,  t he  accumula tor  has s u f f i c i e n t  c a p a c i t y  
t o  meet t he  r e q u i r e m e n t s .  I n  t h e  c a s e  o f  a 15  pound/hour max- 
imum CM-SM f low r a t e ,  a one t a n k  s y s t e m  would be  exhaus ted  i n  
abou t  33 minu tes ,  s o  a two t a n k  system, which g i v e s  o v e r  an  hour ,  
i s  r e q u i r e d .  I n  t h e  c a s e  o f  a 20 pound/hour maximum CM-SM flow 
ra te ,  a one t a n k  s y s t e m  w i l l  l a s t  f o r  47.6 minu tes ,  which i s  
m a r g i n a l l y  s u f f i c i e n t .  
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